The aim of this study was to evaluate the allelopathic potential of Inga laurina leaves on the germination and growth of Lactuca sativa L. seedlings. The extract was obtained by blending 50 g of leaves in 500 ml of distilled water. Extracts were obtained by diluting the leaf homogenate in water to concentrations of 0 (control), 25, 50, 75 and 100%. The bioassay was conducted in a completely randomized design with five treatments and four repetitions of 50 seeds of L. sativa. The characteristics observed were germination and abnormal seedlings, germination rate, shoot length and root length, dry weight of seedlings and allelopathy index. There was no difference between extracts for germination ranging from 98%to 100%. The speed of germination rate and seedling root length decreased with increasing concentration and could be explained by second degree polynomial regression models with R 2 above 98%. The fresh mass increased with higher concentrations of the extract. The allelopathic index was negative, indicating inhibition, and increased with increasing extract concentration. The leaf extract of Inga laurina at different concentrations did not affect lettuce seed germination. Allelopathic potential was seen in the developmental characteristics of lettuce seedlings.
Introduction
Allelopathy can be defined as positive or negative interference of secondary metabolic compounds produced by a plant (allelochemicals) and released into the environment. Interference in the growth of another plant can be indirect, by transforming these substances into the soil by microorganism activity (Inderjit et al., 2011) . This phenomenon influences the formation of plant communities in natural environments and also serves as an important tool in agronomy because it can be used to control undesirable plants, maintaining healthy cultures (Silva, 2012) . Furthermore, allelopathic bioassays contribute to the identification of possible sources of biocide compounds that can be used to combat pests and diseases, and the resistance of weeds to synthetic herbicides has led to the search for new alternatives, which are less harmful to the environment, as is the case of natural allelochemicals (Matsumoto et al., 2010) .
Studies with native Cerrado species showed the present allelopathic potential to be as yet unexplored (Oliveira et al., 2004; Gatti, 2007) . Several authors (Ribeiro et al, 2009; Centenaro et al, 2009; Matsumoto et al, 2010; Oliveira et al., 2014) have demonstrated the ability to control invasive species through allelochemicals. A first study, conducted with the genera Inga by Costa et al. (2015) , found that aqueous extracts of green leaves and dried roots of Inga vera Willd. subsp. affinis (DC.) T. D. showed no allelopathic effect on the germination and early growth of Schizolobium parahyba (Vell.) SF Blake, Piptadenia gonoacantha Mart. Macbr., Chorisia speciosa A. St.-Hil. and Bixaorellana L., but inhibited the hypocotyl growth of Bixaorellana L. seedlings.
Among species of the Brazilian Cerrado occurs Inga laurina (Sw.) Willd., popularly known as ingá-branco, ingá-de-macaco, ingá-de-praia, ingá--mirim or ingaí is distributed in riparian forests. The species Inga laurinais important to the flora forits ornamental properties and forest value because its fruits are a food source for wild animals (Souza & Lorenzi, 2008) . It is an ideal species for urban forestry because it adapts excellently to urban environments and keeps its leaves during the entire dry period, thus its crown provides considerable shade. In addition, ingá-mirim grows white-pulp fruits that are consumed by the fauna and even by humans (Leão et al., 2012) . Furtado (2014) considers it important to develop studies with more species because of the action of essential oils and leaf extracts against bacteria and as an antioxidant.
Since allelopathic action occurs in Inga vera, this action is also expected to be present in Inga laurina on germination and initial growth. The objective of this study was to evaluate the allelopathic potential of Inga laurina leaves on the germination and seedling development of Lactuca sativa L.
Material and methods
The experiment was conducted in the Faculty of Agronomy Seed Laboratory Animal Science and Veterinary Medicine (FAMEVZ) of the Federal University of Mato Grosso (UFMT) Campus Cuiabá. The leaves of Inga laurina were collected from adult plants in Chapada dos Guimarães (MT) between the geographic coordinates 15º10'15º30' south latitude and 55º40'56º00 west longitude. The climate is Aw (savanna climate), according to Köppen. The trees were in the phenological stage of fruiting, the collected leaves were fully developed and the same size, healthy and taken from different branches of five different individuals.
The leaves were placed for 5 min in containers containing 10 mL of sodium hypochlorite diluted in 500 mL of distilled water so that they were cleaned, then rinsed in tap water and dried with a paper towel. The leaves were ground in a blender at a ratio of 50 g leaves to 500 mL of distilled water and the extract was filtered on filter paper and stored in glass according Silveira et al. (2012) . Souza Filho et al. (2010) presented a critical review that includes this methodology.
For bioassay of germination, a completely randomized design was used with five treatments consisting of the concentrations of leaf extract obtained by dilution in distilled water (0 -control, 25, 50, 75 and 100%) , with four replications of 50 lettuce seeds (Lactuca sativa). The pH and electrical conductivity (EC) determinations were made using a pH meter and an EC meter, respectively. From the EC values (µS cm -1 transformed to dS m -1 ), the osmotic potential (PO) was determined according to the formula proposed by Ayers & Westcot (1999) : osmotic potential in atmosphere (atm) = -0.36 × EC. The data in atm were transformed to MPa.
The seeds were placed in transparent gerbox plastic boxes (11x11x3 cm) on two sheets of blotting paper moistened with treatment solution in the amount of 2.5 times the mass of the substrate. The boxes were covered, sealed with plastic wrap and kept in a BOD incubator at 30 °C during the day and 20 °C overnight with a 12-h photoperiod for seven days.
The number of germinated seeds was noted every 24 h. The criterion for the assessment of seed germination was based on the concept of physiological germination cited by Marcos Filho (2015) , which describes the beginning of germination to seed soaking and its end with the protrusion of the radicle. Seven days after treatment application, lettuce seeds were evaluated as to the length of the shootroot transition region to the insertion of the cotyledons and root length: transition region of the shoot to the apex of the root. The seedlings were placed in brown paper bags and exposed to drying in a forced ventilation oven at 70 °C ± 2 °C for 72 h, to obtain the dry weight.
The seedlings were classified as normal or abnormal according to the specifications of BRASIL (2009). Those that showed potential to continue their development, as well as normal seedlings with minor defects such as limited or minor damage, or growth retardation in the root system, were considered abnormal.
The germination rate was determined according to Maguire (1962) and calculated by the expression: IVG = (G1/N1) + (G2/N2) + ... + (Gn / Nn), where: G1 = number of germinated seeds in the first count, N1 = number of days until the first count, G2 = number of seeds germinated in the second count, N2 = number of days elapsed until the second count and n = last count.
The allelopathic effect index (RI) according to the following formula: RI = 1 -C/T (T ≥ C) or RI = T/C -1 (T < C) Where: C = speed of germination control and T = speed of germination treatment (Gao et al., 2009) .
The variables were subjected to analysis of variance and regression when significant models were selected with higher R 2 .
Results and discussions
The physicochemical characteristics presented by extracts from Inga laurina leaves at different concentrations are shown in Table 1 . A narrow pH range was observed in the extracts compared with the control. According Gatti et al. (2004) , in allelopathic testing, the pH should be between 4 and 7, and the osmotic potential should be less than -0.2 MPa. Therefore, these features of the extracts are not responsible for possible changes in the germination behaviour of lettuce in this study.
There was no difference in the percentage of lettuce germination (98%100%) in the dry mass of seedlings and percentage of abnormal seedlings. The extract concentrations affected the IVG, root length, shoot length and seedling fresh weight (Figure 1 ). According to Ferreira & Borghetti (2005) , the allelopathic effect often occurs not by reducing final germination, but by influencing the germination speed and other parameters related to development. The germination rate index ( Figure 1A ) decreases linearly with increasing extract concentration. Candido et al. (2010) evaluated the allelopathic potential of Senna occidentalis L. and observed a significant reduction in germination speed index (GSI) of lettuce and tomato seeds when they increased the concentration of the extract. Tur et al. (2010) found a significant reduction in IVG with increasing concentration of the extract of fresh and dried leaves of Duranta repens L. on Lactuca sativa L. Borella et al. (2011a) tested the allelopathic effect of nightshade (Solanum americanum Mill.) on radish seed germination (Raphanus sativus L.) and found that all of the aqueous extracts of nightshade reduced the average number of seeds germinated per day. Reducing the speed of germination index results in a reduction of seed vigour due to the toxic effect of the extract.
The root length (Figure 1 B) also decreases with increasing concentration of the extract according to a second degree polynomial model. These results are similar to those of Rickli et al. (2011) who found that the extract of fresh leaves of Azadirachta indica inhibited the growth of the lettuce roots at all concentrations.
The length of the shoot follows a seconddegree polynomial model ( Figure 1C) . However, the effect on the root was much more evident, and the disproportion between the roots and shoots of seedlings, according to Chung et al. (2001) is due to the fact that there is more contact between the roots and the extract (allelochemicals) than the other structures of the seedlings.
The greatest extract concentrations provide higher values of seedling fresh weight ( Figure 1D ). Similar results were found by Carmo et al. (2007) with Ocotea extracts (Vell.) Rohwer in sorghum germination (Sorghum bicolor), where the extracts of leaves and stem bark caused an increase in the fresh weight of the root system of sorghum, compared with seedlings in control treatment under the action of root extracts.
From the data presented ( Figure 1E ), it can be observed that all tested concentrations of Inga laurina inhibited the germination of lettuce seeds. The allelopathic effect index (RI) indicates stimulus when it presents positive values in the control and negative values indicate inhibition. Borella et al. (2011b) found that soft Schinus extracts caused inhibitory effects on the germination of radish in proportion to the extract concentration.
The allelopathic effect index was used by Khong et al. (2002) and Abdelgaleil & Hashinaga (2007) to demonstrate the allelopathic action of the extracts in bioassays. The RI values varied with the impact of the effects, either positive or negative. Aqueous extracts of Hemisepta lyrata Bunge caused inhibitory effects on the germination of radish seeds, regardless of the concentration used (Gao et al., 2009) . Zhang et al. (2010) also reported negative effects caused by eucalyptol extracts on the radish.
Conclusions
The leaf extract of Inga laurina at different concentrations did not affect the germination percentage of lettuce seed. The lettuce germination speed, root length and allelopathic index were reduced with the highest concentrations of extract.The leaf extract of Inga laurina must be characterized and studied in weed species.
